In a study of conditions leading to the diarrhea or "scours" of very young calves the freshly removed intestines of animals killed within the 1st week of life were subjected to microscopic examination. A condition of the epithelium of the small intestine was noted to which the writer has failed thus far to discover any references in medical literature. The condition in brief is the presence in the epithelium of spherical, homogeneous, colorless bodies of very feeble refringence, from 2 to 24 u in diameter. At first sight it seemed as if the epithelium had undergone fatty metamorphosis, but it was soon established that the substance of the spheres was not true fat. The second suggestion was that there was a great overproduction of mucin through a conversion of all epithelial cells into goblet cells but this suggestion also had to be abandoned. It was evident that the spheres were something to be considered abnormal and studies were accordingly made of their occurrence among all calves coming to autopsy, their distribution in the small intestines, and their behavior in the presence of various reagents.
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(Received for publication, October 31, 1924.) In a study of conditions leading to the diarrhea or "scours" of very young calves the freshly removed intestines of animals killed within the 1st week of life were subjected to microscopic examination. A condition of the epithelium of the small intestine was noted to which the writer has failed thus far to discover any references in medical literature. The condition in brief is the presence in the epithelium of spherical, homogeneous, colorless bodies of very feeble refringence, from 2 to 24 u in diameter. At first sight it seemed as if the epithelium had undergone fatty metamorphosis, but it was soon established that the substance of the spheres was not true fat. The second suggestion was that there was a great overproduction of mucin through a conversion of all epithelial cells into goblet cells but this suggestion also had to be abandoned. It was evident that the spheres were something to be considered abnormal and studies were accordingly made of their occurrence among all calves coming to autopsy, their distribution in the small intestines, and their behavior in the presence of various reagents.
Owing to the rapid shedding and disintegration of the epithelium of the intestinal mucosa after natural death, there were available only animals killed, or those examined immediately after natural death. Among the first group were several full grown fetuses either born dead or asphyxiated at birth and some living only several hours. The hyaline spheres in the epithelium thus occurred in 80 per cent of the calves up to 1 day old, in 57 per cent of those 2 days old, and in 50 per cent of those 3 days old. In the eighteen calves over 3 days old none was seen although some of these were sick when killed. The upper age limit for the occurrence of this condition was 3 days. The lower limit of time is less definitely ascertainable. Unquestionable cases were observed in calves a few hours old which had not taken food. On the other hand, cases of the same age were found with little or no epithelial involvement. It is therefore not a condition due to food intake, nor is it a condition belonging normally to the first days of life.
Examination of fetuses which were expelled in the 7th or 8th month has not given entirely satisfactory data since a fair proportion of these had been dead for some indefinite time before expulsion and the epithelium therefore more or less detached and disintegrated. The meager material, however, furnished evidence to the effect that the epithelial changes begin to take place in intrauterine life and do not appear as a result of abnormal conditions during parturition. It should, however, be stated that the most pronounced state occurs during the 1st day so far as material up to the present is adequate for a decision. We may, therefore, conclude that the spheres in the intestinal epithelium begin to appear distinctly during the late fetal life, are most pronounced in definiteness of form and abundance during the first 24 hours, then begin to disappear at such a rate that few remain at the end of the 3rd day.
Distribution in the Small
Intestine.-To determine roughly the distribution of the affected epithelium the small intestine, about 60 feet long, was divided into lengths of 10 to 12 feet each. A portion of each segment was examined. There were in all five or six levels obtained in this way. Minute bits of the surface were snipped off with a pair of fine scissors and examined directly in their own fluid, or in normal salt solution or Ringer's fluid. The changed epithelium when present at all was found in the lower small intestine. In some cases it was present only in the 5th segment; in others in both 5th and 6th segments. When more extensive the segment proximad of the 5th was involved. In a few cases it extended well into the duodenum. In general the spheres were largest in that part most frequently involved. The intensity of involvement varied less than the extent. Most frequently all the villi of a given region and all cells of the villus contained spheres. The villus becomes broadened, extended, and creased transversely, suggesting at times the appearance of a tapeworm (Fig. 3) . In bits of mucosa, snipped off, the entire field is filled with the spheres, the epithelium and core of the villus are entirely concealed; more rarely only the tips of the villi are affected. The mucous membrane of the affected segments is thicker than when normal. It has a velvety texture and a decided gloss and is usually covered with a thin layer of material suggesting a somewhat thinned, fresh yolk of eggs, both in color and consistency. This material contains large numbers of spheres, either free or within remnants of epithelial cells. After some experience the condition may be diagnosed with the naked eye.
The spheres vary in size from 2 to 24 A (Fig. 6 ). In most cases the large ones are present. When small ones predominate, each cell contains a variable number, crowded together. A cell usually contains but one large sphere. When two are present they are ranged in the long diameter of the cell. Usually the spheres are located between nucleus and top plate, but occasionally the former may be pressed against the latter by the underlying sphere. When villi are placed under a cover-slip the spheres may become detached and float away, showing under these circumstances slight changes in outline, as if sacs filled with fluid. Sometimes remnants of the containing cell are attached to the free vesicles.
The refringence is much below that of fat. They stain neither in osmic acid vapor when fresh, nor in Scharlach R after fixation in formalin. They are readily distinguished from mucin which appears in fresh material within epithelial cells in the form of ovoid masses of fine granules. The goblet cells occur regularly spaced among the spheres and are readily differentiated in fresh material under high powers. In material fixed in Zenker's fluid and alcohol, mucicarmine readily differentiates the contents of the goblet cells but fails to do so with the spheres. If it is an overproduction of mucin, it must be a very early stage since it has no recognizable characters in common with mucin.
When the affected mucous membrane is gently washed in normal salt solution, it preserves the gross and microscopic appearances. When, however, it is washed in distilled or tap water the membrane undergoes a change. It becomes less velvety to the touch, duller in appearance, and the villi appear more distinct. These changes are due to the fact that the spheres disappear in proportion to the length of exposure to water. When observed in contact with water under a cover-glass they at first become dull, lose their slight refringence, and gradually fade out of sight. The same results are obtained if very weak acetic acid, to 1 per cent, is added to bits of mucosa. The spheres disappear immediately. The epithelium becomes sharply outlined where it was entirely obscured by the spheres. Dilute sodium hydroxide also causes the spheres to disappear promptly. Sections of fresh mucosa placed promptly, unopened, in the fixing fluid give us some additional information. Results were the same whether Zenker's fluid or formalin preceded alcohol hardening. Hematoxylin and eosin, eosin and methylene blue, and Weigert's fibrin stain yielded the same picture. Hence the same statements apply to all. In such sections the substance contained in the vacuoles varied in appearance from case to case. The epithelium in one case may be simply vacuolated. In another a faint tint of the contained precipitate is noticeable. In the most pronounced cases, towards the bases of the villi, there appeared roundish solid bodies in the vacuoles, well stained by methylene blue and by hematoxylin (Fig. 4) . These bodies varied in size, outline, and distribution (Fig. 7) . In several pronounced cases a finely granular substance, evidently coagulated in the fixing process, appeared in the lumen between and near the tips of the villi apparently as a fusion of the discharged contents of many epithelial cells. The resulting mass was very feebly stained, just enough to make it visible.
DISCUSSION.
The observations made upon the fresh mucosa of the small intestine indicate a sectional division of labor. The upper one-third to onehalf carries on the absorption of fat, the rest the absorption of protein constituents. The digestive juices diminish in activity from above downward as is evidenced by the digestion of the epithelial covering of the villi in the duodenum after death which gradually diminishes in intensity and disappears towards the ileum. The intestinal bacteria are more numerous in the ileum and Bacillus coli multiplies there first and ascends by degrees the higher levels.' Probably the enormous Peyer's patch found in the ileum of the young calf, which extends from the ileocecal valve 3 to 7 feet upward, may be an early protective device of this portion of the bowel which gradually disappears as the animal approaches maturity. The dropsical epithelium is most frequently and most intensively present in the 5th segment, next in the lowest and 4th. In some cases it extends as far as the 1st or duodenal segment. Evidently the lowest third of the small intestine is not so well endowed with factors of safety as the higher levels. It is this lowest region in which the mesenteric lymph nodes of the calf are most frequently involved in tuberculosis. There are certain anatomical characters of the mesentery which may explain some of the facts observed. The lower two-thirds of the small intestine in the bovine species is suspended by an apron of the mesentery about twice as wide as that suspending the upper third. Thus the maximum distance from the attachment of the mesentery of this portion to the bowel in the calf not over 1 week old is 84 inches, that of the upper third 3-to 4 inches.
The edema of the epithelium of the lower levels of the small intestine is paralleled by a peculiar condition of the upper levels due to what may be called fat stasis. In mild cases the lacteals of the serosa are all prominent and the central lymph sinus of the villi mark-edly distended by a finely granular mass of fat. This distension is also seen in sections of fixed tissue. The-significance of this mild stasis is made clear by certain fatal cases of scours. The mucosa of the upper small intestine after gentle washing appears like a very fine brush. The individual hairs of the brush are represented by the erect and extended villi made rigid by the distended lymph sinus (Fig. 2) . They are stripped of the epithelium following natural death and only the core is present. After death the contained fat is no longer finely granular but run together in larger and smaller spheres.
Quite different from the fat stasis is a fatty infiltration or degeneration of the intestinal epithelium most frequently in the tips of the villi occurring diffusely or in patches in the lower levels. In this condition the fat is present in droplets of 2 or more microns in diameter. It usually occurs in calves after the 3rd day and is probably the result of a temporary multiplication of Bacillus coli. This condition is distinguishable from the edema of the epithelium in its late appearance and the high refringence and fat-stainable character of the enclosed substance.
From the facts gathered the nature and origin of the peculiar dropsical condition of the intestinal epithelium may be tentatively pieced together. The late intrauterine formation of a vacuolated epithelium has been referred to (Fig. 1) . During the first hours of life the ingestion of large amounts of protein (globulin, albumin, etc.) in the colostrum tends to emphasize the vacuolthtion through absorption. The detachable vesicles or spheres are thus produced. Through the action of the intestinal ferments the vesicles are discharged, perhaps digested, and the membrane restored to a normal condition after the 3rd day. The origin of the vacuolation in intrauterine life is probably due to circulatory disturbances requiring special study.
The assumption that the vesicles contain coagulable protein is not easily proved, on account of the presence of colostrum. When the contents of the lower small intestine are gently expressed and filtered the filtrate may contain enough coagulable. protein to become solid on boiling. This to all appearances represents in part redundant, unabsorbed, undigested colostral protein, in part the vesicular contents of the epithelium.
The occurrence of the dropsical epithelium has not been traced to any condition of the dam. It has been encountered since 1917 in various breeds of cows in first, second, and third pregnancies and at various seasons. It cannot be considered a normal, transitory state since it is not regularly present. It is not necessarily associated with Bacillus abortus. For the time being it may be regarded as some defect like the petechial hemorrhages frequently occurring in the rumen, the fourth stomach, on the heart valves, 2 and the sphincters of the newborn calf, which may at times prove of advantage to infectious bacteria as, for example, when hemorrhages occur in the rumen and are promptly parasitized by staphylococci and other bacteria.' The occurrence of dropsical epithelium cannot be directly associated with the diarrhea of young calves, for scours occurs both with and without it.' It may be regarded as both a vacuolar and a hydropic degeneration, as defined by pathologists. 4 -The process is not initiated by inflammation nor does it apparently end in a destruction of the cell. As an evidently transitory condition the term degeneration may not be well chosen.
CONCLUSIONS.
There occurs in the small intestines of a large percentage of calves up to and including the 3rd day a hydropic condition of the epithelium. This manifests itself in the form of a large vacuole or vesicle usually under the top plate of the epithelial cell. More rarely a number of smaller vesiclesor vacuoles replace it. These may break away from the cell and float free when bits of the fresh mucosa are gently compressed under a cover-glass. The vesicles probably contain coagulable protein. This condition has its origin in late intrauterine life. It involves the lowest third of the small intestine and extends upwards as far as the duodenum in some cases. It is not a necessary forerunner of the early diarrhea or scours. Its relation to this disease is not defined. It may or may not be accompanied by a fat stasis of the upper third of the small intestine. Frequently associated with it is coagulable protein in the contents of the ileum.
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